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(57) There is provided a nonvolatile semiconductor 
storage device capable of securing sufficient read accu- 
racy without providing superfluous sense time margin 
when there are variations in temperature and transistor 
characteristics. This nonvolatile semiconductor storage 
device includes a reference cell 2 whose threshold value 
is preparatorily set to a value between a lower limit of a 
threshold voltage distribution in a state 0 in which non- 
volatile memory cells MC00 through MC12 have a high 
threshold value and an upper limit of a threshold voltage 
distribution in a state 1 in which the memory cells have 



a low threshold value. When the characteristics of the 
nonvolatile memory cells MC00 through MC1 2 shift due 
to the influence of a change in temperature or the like, 
the characteristics of the reference cell 2 shift so as to 
follow this characteristic shift. The operation timing of a 
sense amplifier section 8 in read operation is generated 
by a control circuit, and the timing of the termination of 
the sense operation from among the operation timing is 
determined by timing control circuit (delay circuit delay 
and AND circuits AN0 and AN1 ) with the termination of 
the sense of the reference cell 2. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to nonvolatile 
semiconductor storage devices and, in particular, to a 
nonvolatile semiconductor storage device that can 
achieve improved accuracy of read operation and verify 
operation during rewrite. 

[0002] In recent years, a large-capacity flash memory 
has been developed for the markets of memory cards 
and files. For the above uses, the flash memory is re- 
quired to have high-speed read and high-speed rewrite 
functions at a high density and a reduced cost. 
[0003] As a nonvolatile semiconductor storage device 
having the above-mentioned functions, there has been 
proposed a read/rewrite circuit construction of a NAND 
type flash memory by Symposium on VLSI Circuits Di- 
gest of Technical Papers pp. 20-21, 1992. 
[0004] Fig. 11 shows the construction of the read/re- 
write circuit of the above-mentioned NAND type flash 
memory. 

[0005] This circuit has an open bit line structure with 
one centered read/write circuit 111, and verify circuits 
112 and 113 are connected to each of the bit lines BLai 
and BLbi. The read/write circuit 111 operates as a flip- 
flop type sense amplifier in the read operation and the 
verify operation during rewrite and as a data latch circuit 
in the write operation. The control gate of a memory cell 
204 is connected to an identical word line for every cell 
to be concurrently subjected to write. 
[0006] Herein is mainly provided a description of the 
read operation and the verify operation during rewrite 
related to the present invention. In order to set the 
threshold voltage of the memory cell to a specified value 
in the write operation (or the erase operation), this verify 
operation during rewrite is to alternately execute the ap- 
plying of a write pulse (or an erase pulse) and the verify 
operation. This verify operation during rewrite is basi- 
cally the same as the read operation, while the threshold 
voltage value to be detected is changed. 
[0007] The timing chart of Fig. 12 shows the timing of 
the read operation in the aforementioned NAND type 
flash memory. The timing chart of Fig. 12 shows an ex- 
ample in which the memory cell array (a) side is selected 
and the memory ceil 204 is selected and subjected to 
read. A power voltage Vcc is assumed to be 3 V. 
[0008] First of all, a voltage of 3/5 Vcc (1 .8 V) is ap- 
plied to a terminal Va, and a voltage of 1/2 Vcc (1.5 V) 
is applied to a terminal Vb. 

[0009] Both control signals $pa and $pb to the gates 
of the transistors Tr1 and Tr2 have High level, and there- 
fore, the transistors Tr1 and Tr2 are in the ON state. Ac- 
cordingly, the potential of a selected bit line BLai is pre- 
charged with the voltage of 3/5 Vcc. On the other hand, 
the potential of a non-selected bit line BLbi, which is 
used as a dummy bit line for the open bit line system, is 
precharged with a voltage of 1/2 Vcc. 
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[0010] Then, the transistors Tr1 and Tr2 are put into 
the OFF state as shown in a period of t1 to t2 in Fig. 12. 
Subsequently, by making both control signals SG1 and 
SG2 to the gates of select transistors S1 and S2 have 

5 High level, both the transistors S1 and S2 are put into 
the ON state. Then, non-selected word lines CG1 
through CG3 and CG5 through CG8 are set to the Vcc 
level, while a word line CG4 connected to the control 
gate of the selected memory cell 204 (to be subjected 

10 to read) is set to 0 V. In this stage, if the threshold voltage 
of the selected memory cell 204 is lower than 0 V (when 
the data of the memory cell 204 is "0"), then a current 
flows through the memory cell 204. Other memory cells 
having control gates (CG1 through CG3 and CG5 

15 through CG8) to which the power voltage Vcc is applied 
are put into a state in which a cell current flows. 
[001 1 ] As described above, the current flows through 
the memory cell connected continuously to the memory 
cell 204, and therefore, the potential of the selected bit 

20 line BLai reduces to 1/2 Vcc level or less as indicated 
by the potential waveform "0"-read of the bit line BLai 
shown in Fig. 12 and continues to reduce. 
[0012] Conversely, when the threshold voltage of the 
selected memory cell 204 is higher than 0 V (data of the 

25 memory cell 204 represents "1"), no cell current flows 
through the memory cell 204. Therefore, no current 
flows through the memory cell 204 even if the power 
voltage Vcc is applied to the control gates CG1, CG2, 
CG3 and CG5 through CG8 of other memory cells. 

30 Therefore, the potential of the selected bit line BLai does 
not reduce as indicated by the potential waveform "1"- 
read of BLai shown in Fig. 12, and 3/5 Vcc level is main- 
tained. On the other hand, since no cell current flows as 
described above, the potential of the non-selected bit 

35 line BLbi, which is used as a dummy bit line here, main- 
tains the 1/2 Vcc level. 

[001 3] When the threshold voltage of this memory cell 
204 is lower than 0 V, the select transistors S1 and S2 
are put in the OFF state and the non-selected word lines 

40 CG1 through CG3 and CG5 through CG8 are set to 0 V 
in accordance with a timing at which the potential of the 
selected bit line BLai sufficiently reduces and becomes 
0 V as shown in a period of t2 to t3 (potential waveform 
"C-read) in Fig. 12. 

45 [0014] According to the description provided by way 
of example in Figs. 11 and 12, the timing at which the 
potential reaches 0 V is merely of the operation of the 
memory cells 204 connected to the bit line BLai. How- 
ever, even in the case of another memory cell or a mem- 

50 ory cell connected to another bit line, the above-men- 
tioned timing is the timing at which the selected bit line 
comes to have a voltage of 0 V when the data of the 
selected memory cell represents "0". 
[0015] Subsequently, both transistors TR3 and TR4 

55 are put in the OFF state by control signals (j>p and <|>n to 
the gates of the transistors TR3 and TR4 provided on 
the power source side of the read/write circuit 111 in a 
period of t4 to t5 through the stable period of t3 through 
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t4 in the circuit state shown in Fig. 12. By this operation, 
the read/write circuit 111 is reset and put into a floating 
state. 

[0016] Subsequently, the control signal (>e is made to 
have High level to turn on the transistors Tr5 and Tr6 5 
and set (equalize) the potentials of a node a and a node 
b to a voltage of 1/2 Vcc. When this equalization is end- 
ed as in the period of t5 through t6 of Fig. 12, the control 
signal $e is set to 0 V to set back the transistors Tr5 and 
Tr6 to the OFF state. 

[001 7] When the transistors Tr7 and Tr8 are put in the 
ON state by making the clock signals <|>a and <t>b have 
High level, the bit line BLai is connected to the node a, 
and the bit line BLbi is connected to the node b. 
[0018] By this operation, when the data of the memory 
cell 204 represents "0", the bit line BLai of a potential of 
0 V and the node a of the potential of 1/2 Vcc are con- 
nected to each other, and the potential of the node a 
starts to reduce from 1/2 Vcc to 0 V. When the data of 
the memory cell 204 represents "1", the bit line BLai of 
the potential of 3/5 Vcc and the node a of the potential 
of 1/2 Vcc are connected to each other, and the potential 
of the node a starts to increase from 1/2 Vcc to 3/5 Vcc. 
[0019] The non-selected bit line BLbi of the potential 
of 1/2 Vcc is also connected to the node b of the potential 
of 1/2 Vcc, and therefore, the potential of the node b 
maintains the potential of 1/2 Vcc (period of t6 to t7 of 
Fig. 12). 

[0020] Subsequently, the transistor Tr4 provided on 
the ground voltage side of the read/write circuit 111 is 
turned on in a period subsequent to t7 of Fig. 12, and 
the transistor Tr3 provided on the power source Vrw side 
is subsequently turned on. 

[0021] At this time, the potential of the node b is 1/2 
Vcc. When the data of the memory cell 204 represents 
"1", the potential of the node a is higher than the voltage 
of 1/2 Vcc. Conversely, when the data of the memory 
cell 204 represents "0", the potential is lower than the 
voltage of 1/2 Vcc. Therefore, when the data of the 
memory cell 204 represents "1", the flip-flop type read/ 
write circuit 111 sets the node a at Vrw level and latches 
(senses) the node b at 0 V level. 
[0022] Conversely, when the data of the memory cell 
4 represents "0", the read/write circuit 111 latches the 
node a at 0 V level and latches (senses) the node b at 
Vrw level. 

[0023] When the transistors Tr9 and Tr10 are turned 
on by a signal from a column decoder 115, this sensed 
data is outputted from terminals 10A and 10B. This read 
is executed according to a page mode sequence. 
[0024] According to the aforementioned prior art, it is 
required to establish the operation timing of the sense 
amplifier (read/write circuit 111) as shown in Fig. 12 by 
a control circuit or the like inside a chip in each of the 
read operation and the verify operation during rewrite 
as described above. Normally, this control circuit gener- 
ates a timing signal of the sense operation in synchro- 
nization with a clock signal generated by an oscillator or 
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the like inside the chip. 

[0025] However, the frequency and so on of the circuit 
of the oscillator or the like have considerable variations 
due to the temperature and transistor characteristics, in 
accordance with which the timing signal also varies to 
reduce the read accuracy. 

[0026] Moreover, since the threshold voltage of the 
cell varies depending on the temperature, and therefore, 
a threshold voltage distribution also varies. Therefore, 
it is required to provide a sufficient time margin in the 
sense operation in order to keep sufficient read accura- 
cy. 

SUMMARY OF THE INVENTION 

[0027] Accordingly, the object of the present invention 
is to provide a nonvolatile semiconductor storage device 
capable of securing sufficient read accuracy without 
providing a sufficient sense time margin by logically gen- 
erating the operation timing by a control circuit even 
when variations in temperature and transistor charac- 
teristics occur. 

[0028] In order to achieve the aforementioned object, 
the present invention provides a nonvolatile semicon- 
ductor storage device including a plurality of word lines 
and a plurality of bit lines; a memory cell array where 
nonvolatile memory cells each having a control gate 
connected to one of the plurality of word lines and a drain 
connected to one of the plurality of bit lines are arranged 
in an array form; a sense amplifier section for amplifying 
data read on the bit line; a precharge circuit for precharg- 
ing the bit line with a specified voltage; and a reference 
cell whose threshold value is preparatorily set to a spec- 
ified value, 

the nonvolatile semiconductor storage device ex- 
ecuting data read or verify of rewrite data by precharging 
the bit line with the specified voltage by means of the 
precharge circuit, applying a specified read voltage or 
specified verify voltage to a selected word line and de- 
termining by means of the sense amplifier section 
whether or not the bit line is discharged by the selected 
nonvolatile memory cell, and 

the nonvolatile semiconductor storage device com- 
prising: 

a bit line connected to the reference cell; 
a sense circuit connected to the bit line of the refer- 
ence cell for detecting a timing in which discharge 
of the bit line of the reference cell is completed; and 
a timing control means for starting sensing the ref- 
erence cell concurrently with starting sensing the 
selected nonvolatile memory cell, causing the 
sense circuit to detect a timing in which discharge 
of the bit line of the reference cell is completed and 
controlling sense operation termination timing of the 
sense amplifier section connected to the memory 
cell array on the basis of the detected timing of com- 
pletion. 
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[0029] According to the present invention, when the 
characteristic of the nonvolatile memory cell shifts due 
to the influence of a temperature change or the like, the 
characteristic of the reference cell shifts so as to follow 
the shift of this characteristic. According to the present 5 
invention, the sense operation ending timing of the op- 
eration timing of the sense amplifier section in the read 
operation or verify operation is determined by the timing 
control means with the termination of the sense of the 
reference cell. 

[0030] Therefore, according to the nonvolatile semi- 
conductor storage device of the present invention, the 
relative read level of the nonvolatile memory cell does 
not change even if the characteristic of the nonvolatile 
memory cell shifts due to the influence of the tempera- 
ture change or the like, and this obviates the need for 
providing a superfluous margin and allows high-accura- 
cy read operation or verily operation to be achieved. 
[0031] In one embodiment, the threshold value of the 
reference cell is the specified value between a lower lim- 
it of a threshold voltage distribution in a state in which 
each nonvolatile memory cell has a high threshold value 
and an upper limit of a threshold voltage distribution in 
a state in which each nonvolatile memory cell has a low 
threshold value, and 

the data read is executed by applying the specified 
read voltage to the selected word line. 
[0032] In one embodiment, the threshold value of the 
reference cell is a write verify voltage or an erase verify 
voltage of the nonvolatile memory cell, and 

the verify of the rewrite data is executed by apply- 
ing the verify voltage to the selected word line. 
[0033] In one embodiment, the nonvolatile memory 
cells assume at least two states with respect to thresh- 
old voltage distribution thereof, and 

the threshold voltage of the reference cell is set 
approximately at the middle of a lower limit of a threshold 
voltage distribution in a state in which the threshold volt- 
ages of the nonvolatile memory cells are high and an 
upper limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvolatile mem- 
ory cells are low. 

[0034] According to this embodiment, when the 
threshold voltage of the nonvolatile memory cell shifts 
due to the temperature change or the like, the threshold 
voltage of the reference cell changes similarly to this 
change. Therefore, by setting the threshold voltage of 
the reference cell to a threshold voltage approximately 
at the middle of the upper limit of the one state and the 
lower limit of the other state of the memory cell array as 
in this embodiment, the relative read level of the memory 
cell can be made unchangeable. Therefore, according 
to this embodiment, there is no need for providing a su- 
perfluous margin for the sense timing during read, and 
this allows a high-accuracy read operation to be 
achieved. 

[0035] Moreover, according to the present embodi- 
ment, the threshold voltage of the reference cell is set 
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to a threshold voltage approximately intermediate be- 
tween the upper limit and the lower limit of each state of 
the nonvolatile memory cells. For example, the thresh- 
old voltage of the reference cell takes a margin from the 
threshold voltage distribution in the state 0 and the 
threshold voltage distribution in the state 1 . Therefore, 
even when the distribution of the threshold voltages of 
the nonvolatile memory cells is spread by disturb during 
rewrite, the threshold voltage of the reference cell does 
not overlap the threshold voltage of the nonvolatile 
memory cell, and a margin still exists. Therefore, the 
nonvolatile memory cell can surely be read, and relia- 
bility can be secured. 

[0036] For example, in the case of a binary expression 
with the state 0 defined as a state in which the threshold 
voltages of the nonvolatile memory cells are high and 
the state 1 defined as a state in which the threshold volt- 
ages are low, the threshold voltage of the reference cell 
is set approximately at the middle of those states. Since 
the nonvolatile memory cell in this state 0 has a thresh- 
old voltage higher than that of the reference cell. There- 
fore, in the case where the discharge of the nonvolatile 
memory cell is terminated at the point of time when the 
discharge of the reference cell is ended in the read op- 
eration, the amount of current that can be flowed from 
this nonvolatile memory cell is smaller than the amount 
of current that can be flowed from the reference cell. 
Therefore, at the point of time when the discharge of the 
reference cell is terminated, the sense operation of the 
nonvolatile memory cell has not been terminated. How- 
ever, since the memory cell in the state 1 has a threshold 
voltage lower than that of the reference cell, the amount 
of the current that can be flowed from the nonvolatile 
memory cell is larger than that of the reference cell. 
Therefore, in the memory cell in the state 1 , the sense 
has been terminated at the point of time when the sense 
of the reference cell is ended. 

[0037] In one embodiment, the nonvolatile memory 
cells assume at least two states with respect to thresh- 
old voltage distribution thereof, and 

the threshold voltage of the reference cell is set at 
upper limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvolatile mem- 
ory cells are low. 

[0038] In this embodiment, for example, a nonvolatile 
memory cell has a binary expression with the state 0 
defined as a state in which the threshold voltage of the 
nonvolatile memory cell is high and the state 1 defined 
as a state in which the threshold voltage is low, and the 
threshold voltage of the reference ceil is set at the upper 
limit of the distribution of the threshold voltage of the 
state 1 . It is to be noted that the operation to lower the 
threshold voltage of the nonvolatile memory cell from 
the state 0 to the state 1 is assumed to be the write op- 
eration. 

[0039] In the case where the sense of the nonvolatile 
memory cell is terminated when the sense of the refer- 
ence cell is ended in the write verify operation, the 
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threshold voltage of the nonvolatile memory cell which 
has been put in the state 1 after the completion of write 
is lowered to a value lower than the threshold voltage of 
the reference cell. Therefore, this nonvolatile memory 
cell has a larger amount of current that can be flowed 5 
than in the reference cell, and the sense is terminated. 
However, the memory cell of which the write operation 
has not yet been terminated has a threshold voltage 
higher than that of the reference cell. Therefore, the cur- 
rent that can be flowed in the nonvolatile memory cell is 
smaller than in the reference cell, and the sense has not 
been terminated at the point of time when the sense of 
the reference cell is ended. Therefore, the write is exe- 
cuted again. 

[0040] By thus setting the threshold voltage of the ref- 
erence cell to the threshold voltage at the upper limit of 
the threshold voltage distribution of the state in which 
the threshold voltages of the nonvolatile memory cells 
are low, there is no need for providing a superfluous 
margin for the operation timing of the sense amplifier in 
the verify operation, and this allows the accuracy of the 
verify operation to be improved. 
[0041] In one embodiment, the nonvolatile memory 
cells assume at least two states with respect to thresh- 
old voltage distribution thereof, and 

the threshold voltage of the reference cell is set at 
a lower limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvolatile mem- 
ory cells are high. 

[0042] According to this embodiment, for example, a 
nonvolatile memory cell has a binary expression with the 
state 0 defined as a state in which the threshold voltage 
thereof is high and the state 1 defined as a state in which 
the threshold voltage is low, and the threshold voltage 
of the reference cell is set at the lower limit of the thresh- 
old voltage distribution of the state 0. It is to be noted 
that the operation for raising the threshold voltage of the 
nonvolatile memory cell from the state 1 to the state 0 
is assumed to be the erase operation. 
[0043] At this time, the nonvolatile memory cell put in 
the state 0 with the erase completed has been raised to 
the point of a threshold voltage higher than that of the 
reference cell. Therefore, in the case where the sense 
of the nonvolatile memory cell is terminated at the time 
when the sense of the reference cell is ended in the 
erase verify operation, it is determined that the nonvol- 
atile memory cell is in the state 0 since the amount of 
current that can be flowed in the nonvolatile memory cell 
is less than in the reference cell and the electric charges 
precharged in the bit line are not sufficiently pulled. On 
the other hand, the nonvolatile memory cell in which the 
erase operation has not yet been terminated has a 
threshold voltage lower than that of the reference cell. 
Therefore, the amount of current that can be flowed in 
the nonvolatile memory cell is greater than in the refer- 
ence cell, and the electric charges precharged in the bit 
line are sufficiently pulled. Therefore, it is determined 
that this memory cell is in the state 1 , and erase is exe- 
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cuted again. 

[0044] As described above, by setting the threshold 
voltage of the reference cell at the lower limit of the 
threshold voltage distribution of the state 0 of the non- 
volatile memory cells, there is no need for providing a 
superfluous margin for the timing of the sense operation 
in the verify operation, and this allows the accuracy of 
the verify operation to be improved. 
[0045] In one embodiment, the reference cell is 
formed in a region that is electrically separated from the 
nonvolatile memory cells. 

[0046] According to this embodiment, the reference 
cell is formed in the region that is electrically separated 
from the nonvolatile memory cells, and therefore, the 
reference cell receives no needless disturb. Therefore, 
the threshold voltage of the reference cell does not fluc- 
tuate, and the reliability is improved. 
[0047] In one embodiment, a sense circuit is provided 
in correspondence with each of the bit lines of the non- 
volatile memory cells and constructed so as to collec- 
tively read or verify the plurality of nonvolatile memory 
cells of which control gates are commonly connected to 
the same word line, and 

the reference cell is provided in correspondence 
with each of the word lines. 

[0048] According to this embodiment, the read oper- 
ation of the nonvolatile memory cell and the reference 
cell are executed by the same word line, and therefore, 
the memory cell and the reference cell are sensed by 
quite the same word line voltage. Therefore, the read 
accuracy can be improved. 

[0049] In one embodiment, the reference cell is ar- 
ranged farther apart from a decoder for controlling the 
word line than the nonvolatile memory cells. 
[0050] According to this embodiment, the read oper- 
ation that covers the margin due to the shift in rise time 
of the word line can be executed, and the read accuracy 
is improved. 

[0051 ] A nonvolatile semiconductor storage device of 
one embodiment comprises a delay means for delaying 
a signal detected by the sense circuit connected to the 
reference cell before using the detected signal as a 
sense terminate signal of the nonvolatile memory cells 
that constitute the memory cell array. 
[0052] According to this embodiment, the aforemen- 
tioned delay time can be set to a time in which the var- 
iations in the characteristics of the reference cell and 
the nonvolatile memory cells in the memory cell array 
or the variations between the nonvolatile memory cells 
inside the memory cell array are absorbed. With this de- 
lay time setting, the read accuracy can be improved by 
absorbing the above-mentioned characteristic varia- 
tions and removing the superfluous margin of the sense 
operation. Moreover, by optimizing the delay time, the 
improvement in read accuracy and the removal of the 
superfluous (excessive) read margin can be achieved, 
and the speed of read can be increased. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] The present invention will become more fully 
understood from the detailed description given herein- 
below and the accompanying drawings which are given 5 
by way of illustration only, and thus are not limitative of 
the present invention, and wherein: 

Fig. 1 is a block diagram of a nonvolatile semicon- 
ductor storage device according to a first embodi- 
ment of the present invention; 
Fig. 2 is a timing chart of the read operation of the 
first embodiment; 

Fig. 3 is a graph of distribution showing a change in 
a threshold voltage Vt distribution depending on 
temperature; 

Fig. 4 is a graph of distribution showing Vt distribu- 
tion in the write state and erase state of a memory 
cell; 

Fig. 5 is a circuit diagram of a nonvolatile semicon- 
ductor storage device of the above embodiment; 
Figs. 6A, 6B and 6C are explanatory views of an 
ACT cell; 

Fig. 7 is a timing chart of the read operation of the 
nonvolatile semiconductor storage device of the 
above embodiment; 

Fig. 8 is a circuit diagram according to a second em- 
bodiment of the present invention; 
Fig. 9 is a circuit diagram according to a third em- 
bodiment of the present invention; 
Fig. 10 is a sectional view according to a fourth em- 
bodiment of the present invention; 
Fig. 11 is a diagram showing the structure of a re- 
write circuit of a prior art NAND type flash memory; 
and 

Fig. 12 is a chart showing the timing waveforms of 
the prior art NAND type flash memory. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0054] The nonvolatile semiconductor storage device 
of the present invention will be described in detail below 
on the basis of the embodiments thereof shown in the 
drawings, 

(First Embodiment) 

[0055] First of all, Fig. 1 shows a block diagram of a 
nonvolatile semiconductor storage device according to 
the first embodiment of the present invention. As shown 
in Fig. 1 , this first embodiment comprises a memory cell 
array 1 . This memory cell array 1 is constructed of a plu- 
rality of memory cells MC00 through MC12, ... connect- 
ed to word lines WL0, WL1, ... and bit lines BL0, BL1, 
BL2, ... These memory cells MC00 through MC12, ... 
are known flash memory cells (electrically batch-erasa- 
ble nonvolatile memory cells). 
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[0056] This memory cell array 1 is connected to a pre- 
charge circuit 7 by way of bit lines BLO, BL1, BL2, ... 
[0057] The states of these memory cells MC00 
through MC12, ... are determined depending on the val- 
ue of the threshold voltage Vt. In this case, a state in 
which the threshold voltage is high is defined as a state 
0, while a state in which the threshold voltage is low is 
defined as a state 1 . This embodiment has an X-decoder 
6 for controlling the word lines WL0, WL1, a Y-de- 
coder 10 for controlling bit lines BLO, BL1,... and a 
sense amplifier section 8 for sensing the data to be 
stored in the memory cells MC00 through MC12, ... 
[0058] This embodiment is provided with a reference 
cell (RMC) 2 constructed of a flash memory cell RMC, 
and a reference bit line RBL is connected to this refer- 
ence cell 2. A precharge circuit 3 and a reference cell 
sense amplifier section 5 are connected to this refer- 
ence bit line RBL. 

[0059] The reference cell sense amplifier section 5 in- 
cludes a sense operation control circuit, and this sense 
operation control circuit executes timing control of the 
sense operation of this nonvolatile semiconductor stor- 
age device. The reference cell 2 has the same structure 
as that of the flash memory cells MC00 through 
MC12, ... which constitute the memory cell array 1. 
[0060] The reference cell 2 for the read operation has 
its threshold voltage set to a threshold voltage Vref at 
the middle of a threshold voltage of the state 1 and a 
threshold voltage of the state 0. This setting is achieved 
by preliminarily alternately executing write operation 
with write pulses and verify operation in a reference cell 
2. 

[0061] Next, Fig. 2 shows the timing of the read oper- 
ation in the nonvolatile semiconductor storage device of 
this embodiment. The read operation of this embodi- 
ment will be described on the basis of this timing chart. 
This read operation will be described in connection with 
the memory cell MC00 to be selected by the word line 
WL0 and the bit line BLO. 

[0062] First of all, a read voltage is supplied to the 
word line WL0 of the selected cell MC00 at a time t1 . 
Next, the bit line BLO connected to the drain of the se- 
lected cell MC00 is precharged at a time t2. At the same 
time, the bit line RBL of the reference cell 2 is also pre- 
charged. 

[0063] Then, after the termination of the precharge of 
the bit line BLO, the bit line BLO and the sense amplifier 
section 8 are connected to each other at a time t3 to 
start the sense operation. At the same time, the sense 
operation of the reference cell 2 is also started. 
[0064] Then, a current flows to the ground (ground 
voltage) via the reference cell 2, and therefore, the volt- 
age of the sense node RBL of the reference cell 2 is 
lowered with a lapse of time. When the sense amplifier 
section 5 connected to the sense node RBL is inverted, 
a sense operation termination signal dis goes High to 
terminate the sense operation of the memory cell array 
1. 
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[0065] In this case, the threshold voltage of the se- 
lected cell MC00 is higher than that of the reference cell 
2 when the selected cell MC00 is in the state 0, and 
therefore, the voltage of the bit line BLO has not yet been 
lowered at the point of time when the sense operation 5 
of the reference cell 2 is terminated as indicated by the 
dashed line in Fig. 2, and the sense amplifier section 8 
is not inverted. When the selected cell MC00 is in the 
state 1, the threshold voltage of the selected cell MC00 
is lower than that of the reference cell 2. Therefore, a 
current flows to the ground (ground voltage) via the 
memory cell MC00, and the voltage of the bit line BLO 
is sufficiently lowered as indicated by the solid line in 
Fig. 2, and the sense amplifier section 8 is inverted. 
[0066] As described above, the timing ts in which the 
sense of the reference cell 2 is completed is detected 
by the reference cell sense amplifier section 5, and a 
termination timing tss of the sense operation of the 
sense amplifier section 8 of the memory cell array 1 is 
controlled. By this operation, there is no need for gen- 
erating control timing in accordance with an oscillator 
provided inside the chip or the like, and this obviates the 
need for providing a sense time margin taking variations 
in temperature, transistor characteristics and so on into 
consideration. 

[0067] According to this embodiment, the operation 
timing of the sense amplifier that has absorbed the var- 
iations in the temperature characteristic in the memory 
cell characteristics can be generated. Since the refer- 
ence cell 2 has the same structure as that of the memory 
cells MC00, MC01, ... which constitute the memory cell 
array 1 , and therefore, the temperature characteristic of 
the reference cell 2 coincides with that of the memory 
cells MCOO, ... 

[0068] Next, Fig. 3 shows how the threshold voltage 
values of the memory cells MCOO, ... in the memory cell 
array 1 are distributed depending on the state 1 and the 
state 0. 

[0069] The memory cell in the state 0 (herein as- 
sumed to be the erase state) is in a state in which elec- 
trons are injected from a channel region into a floating 
gate via a tunnel oxide film. On the other hand, the mem- 
ory cell in the state 1 (herein assumed to be the write 
state) is in a state in which electrons are extracted from 
the floating gate to the channel region via the tunnel ox- 
ide film. 

[0070] As indicated by the broken line in Fig. 3, when 
the ambient temperature rises, the threshold voltage of 
the memory cell is shifted to the lower side. 
[0071] At this time, the reference cell 2 has the same 
structure and same characteristics as those of the mem- 
ory cells MCOO, M01 and therefore, the threshold 

voltage value of the reference cell 2 is shifted similarly 
to the memory cells MCOO, M01, ... Therefore, relations 
among the lower limit of the threshold voltage distribu- 
tion of the memory cells MCOO, ... in the state 0, the up- 
per limit of the threshold voltage distribution in the state 
1 and the threshold voltage value of the reference cell 



2 do not basically change even when the ambient tem- 
perature changes. 

[0072] Therefore, a difference (margin (1)) between 
the lower limit of the threshold voltage distribution of the 
memory cells MCOO, ... in the state 0 and the threshold 
voltage value of the reference cell 2 is kept constant 
even when the ambient temperature changes. Also, a 
difference (margin (2)) between the threshold voltage 
value of the reference cell 2 and the upper limit value of 
the threshold voltage distribution of the memory cells 
MCOO, ... in the state 1 is kept constant even when the 
ambient temperature changes. 

[0073] As shown in Fig. 3, even if the threshold volt- 
age Vt distribution of the memory cells MCOO, ... is shift- 
ed by a change in temperature, the threshold voltage Vt 
of the reference cell 2 is similarly shifted. Therefore, the 
sense timing follows the cell characteristics, and the rel- 
ative read level does not change. This obviates the need 
for taking the variation in the sense timing into consid- 
eration and allows high-accuracy read operation to be 
achieved. 

[0074] Next, the verify operation in the embodiment 
shown in Fig. 1 will be described with reference to Fig. 
4. This verify operation is basically similar to the read 
operation, and sense is executed in accordance with 
similar timing. The threshold voltage of the reference 
cell, which becomes a reference for the sense time, dif- 
fers from that of the read operation. 
[0075] In the threshold voltage Vt distribution of the 
memory cell shown in Fig. 4, the operation to extract 
electrons from the memory cell to change the cell state 
from the state 0 to the state 1 is defined as the write 
operation, and conversely, the operation to inject elec- 
trons into the memory cell to change the cell state from 
the state 1 to the state 0 is defined as the erase opera- 
tion. 

[0076] For example, in order to secure a voltage of 1 
V as a read margin with respect to each of the state 0 
and the state 1 V with a read voltage of 3 V, it is required 
to set the lower limit of the threshold voltage distribution 
of the memory cells in the state 0 to 4 V and to set the 
upper limit of the threshold voltage distribution of the 
memory cells in the state 1 to 2 V. Therefore, it is re- 
quired to execute verify after the application of an erase 
pulse and verify after the application of a write pulse so 
as to achieve adjustment to the foregoing specified 
threshold voltage while examining the threshold voltage 
value. 

[0077] In the write verify operation, it is required to de- 
termine whether or not the memory cell has been put in 
the state 1 or whether the threshold voltage Vt has be- 
come 2 V or less. Therefore, a write verify voltage is set 
to 2 V. That is, the threshold voltage Vt of the reference 
cell 2 for write verify use is set to 2 V. 
[0078] In the erase operation, it is required to deter- 
mine whether or not the memory cell has been put in the 
state 0 or whether the threshold voltage Vt has become 
4 V or more. Therefore, an erase verify voltage is set to 
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4 V. That is, the threshold voltage Vt of the reference 
cell 2 for erase verify use is set to 4 V. 
[0079] It is acceptable to employ the same cell as the 
foregoing reference cell for read use as the reference 
cell 2 for write verify use and the reference cell 2 for 
erase verify use and preliminarily set the cells to a spec- 
ified threshold voltage by write or erase operation and 
verify before the start of the write operation and the 
erase operation. Otherwise, it is acceptable to provide 
separate reference cells and set the cells to the respec- 
tive specified threshold voltages. 
[0080] Next, Fig. 5 shows a more detailed circuit con- 
struction of the nonvolatile semiconductor storage de- 
vice of this embodiment. In Fig. 5 are shown a virtual 
ground type memory cell array 1 . Memory cells MC00, 
MC01, ... are constructed of ACT (Asymmetrical Con- 
tactless Transistor) cells of an ACT type flash memory. 
[0081] In this ACT type flash memory, the drain of a 
memory cell and the source of another memory cell ad- 
jacent to the memory cell share a bit line. The ACT type 
flash memory is suitable for the virtual ground type 
memory cell array structure. Moreover, by virtue of the 
formation of the shared line of a diffusion layer, high- 
density mounting can be achieved, which is suitable for 
a large-capacity flash memory. This ACT type flash 
memory is described in detail in Japanese Patent Laid- 
Open Publication No. HEI 9-92739 by the present ap- 
plicant and others. 

[0082] The present invention will be described more 
in detail below on the basis of an embodiment that em- 
ploys an ACT type memory cell. 
[0083] The ACT cell operates as follows. It is to be 
noted that the FN (Fowler-Nordheim) tunnel effect is uti- 
lized for write and erase. Reference is first made to the 
read and verify operations. The read and verify opera- 
tions are executed through an identical operation. 
[0084] Figs. 6A through 6C schematically show the 
section of the ACT type memory cell MC01 . 
[0085] This memory cell MC01 includes a source (n~) 
62 and a drain (n + ) 61 formed on a substrate (or p-well) 
67 and a channel region 66 interposed between the 
source 62 and the drain 61 and includes a floating gate 
FG above the regions via a tunnel oxide film 69. In ad- 
dition, a control gate is formed on this floating gate FG 
via a layer insulation film 70. In Figs. 6A through 6C, this 
control gate is illustrated as a word line WL connected 
to the control gate. 

[0086] The drain 61 of the memory cell MC01 and the 

source of the adjoining memory cell MC00 are shared, 

and a sub-bit line SB is formed of a diffusion layer n-. 

This sub-bit line SB is connected to a main bit line of a 

different layer via a contact portion (not shown). In Fig. 

5, this sub-bit line SB and the main bit line are illustrated 

not apart but merely as BL0, BL1, ... 

[0087] The memory cell during read and verify will be 

described with reference to Fig. 6A. 

[0088] First of ail, it is assumed that the memory cell 

MC01 is subjected to read. A voltage of 3 V is applied 



to the word line WL connected to the control gate of the 
memory cell MC01. Then, a sub-bit line located on the 
drain 61 side of the memory cell MC01 is made to have 
a reference voltage (0 V, for example), and a precharge 

5 voltage of 1 V is applied to the sub-bit line located on 
the source 62 side. The substrate (or p-well) 67 is made 
to have a reference voltage (0 V, for example). 
[0089] With this arrangement, since the threshold 
voltage is not lower than 4 V when the memory cell 

10 MC01 is in the state 0, no cell current flows, and the 
precharge voltage of 1 V is maintained. Since the 
threshold voltage is not higher than 2 V when the mem- 
ory cell MC01 is in the state 1, a cell current Icell flows 
as shown in Fig. 6A, and the precharge voltage of 1 V 

15 is accordingly lowered. 

[0090] By sensing this precharge voltage by the 
sense amplifier section 8, it is determined whether the 
memory cell MC01 is in the state 0 or the state 1. The 
above has described the read operation. 

20 [0091] The verify operation differs from that of the 
aforementioned read operation only in that a voltage of 
2 V is applied to the word line WL in the verify operation 
during write and a voltage of 4 V is applied to the word 
line WL in the verify operation during erase. 

25 [0092] Next, write pulse applying operation during 
write into the memory cell MC01 will be described with 
reference to Fig. 6B. In this operation, the selected 
memory cell MC01 is subjected to write. 
[0093] A negative high voltage (-9 V, for example) is 

30 applied to the word line WL connected to the control gate 
of the memory cell MC01. A positive voltage (5 V, for 
example) is applied to the sub-bit line located on the 
drain 61 side, and the sub-bit line located on the source 
62 side is put into a floating state (high impedance 

35 state). Then, the drain side sub-bit line of other non-se- 
lected memory cells is set to 0 V. The substrate (or p- 
well) 67 is set to a reference voltage (0 V, for example). 
A voltage of 0 V is applied to the word line connected to 
the control gate of the non-selected memory cells. 

40 [0094] By the above operation, FN tunneling phenom- 
enon FNT is generated between the drain (n + ) 61 side 
and the floating gates FG of the memory cell MC01 sub- 
jected to write, and electrons are extracted to the drain 
61 (n + ) side from the floating gate FG via a tunnel oxide 

45 film 69. As a result, the threshold voltage of the memory 
cell MC01 is lowered and put into the state 1 (write state 
in this case). 

[0095] Furthermore, in order to make the threshold 
voltage of the memory cell MC01 have a specified 

50 threshold voltage (not higher than 2 V), this write voltage 
(-9V) is applied in a pulse form to the word line WL. Sub- 
sequently, the threshold voltage of the memory cell 
MC01 is verified by the verify operation. When the 
threshold voltage does not reach the specified threshold 

55 voltage (not higher than 2 V), the write voltage pulse is 
applied again to the word line WL. As described above, 
the write voltage application and verify are repeated until 
the memory cell MC01 reaches the specified threshold 
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voltage. The above has described the write operation. 
[0096] Finally, erase pulse applying operation during 
erase of the memory cell MC01 will be described with 
reference to Fig. 6C. This erase is executed in batches 
of blocks or on all the memory cells. 5 
[0097] A positive high voltage (10 V, for example) is 
applied to the word line WL connected to the control gate 
of the memory cell MC01 to be subjected to erase. A 
negative voltage (-8 V, for example) is applied to the 
sub-bit lines located on the drain 61 side and the source 
62 side and the substrate (or p-well) 67. By this opera- 
tion, the FN tunneling phenomenon FNT is generated 
between the channel region 66 of the substrate (or p- 
well) 67 and the floating gate FG, and electrons are in- 
jected from the channel region 66 into the floating gate 
FG via the tunnel oxide film 69. As a result, the threshold 
voltage of the memory cell MC01 is raised and put into 
the state 0 (erase state in this case). 
[0098] Further, in order to make the memory cell 
MC01 have a specified threshold voltage (not lower than 
4 V), the positive high voltage (erase voltage) is applied 
in a pulse form to the word line WL, and thereafter, the 
threshold voltage is verified by the verify operation. 
When the threshold voltage does not reach the specified 
threshold voltage, the erase voltage pulse is applied 
again. As described above, the erase voltage applica- 
tion and verify are repeated until the memory cell MC01 
reaches the specified threshold voltage. The above has 
described the erase operation. 

[0099] The present embodiment will be continuously 
described further with reference to Fig. 5. 
[0100] In Fig. 5, the word lines WL0 and WL1 and the 
bit lines BL0 through BL3 of the memory cell array 1 are 
shown, and only the portion necessary for the descrip- 
tion of the present invention is shown. 
[0101] In Fig. 5, the sense amplifier section 8 has 
sense circuits LAO, LA1 , LA2 and LA3 provided for the 
bit lines BL0, BL1 , BL2 and BL3. The sense circuits LAO 
through LA3 respectively include two inverters 1 and 2, 
and operate also as a data latch circuit. Also, the pre- 
charge circuit 7 has bit line precharge transistors PRO 
through PR3. Also, there are provided bit line puil-down 
transistors PD0 through PD3. 

[0102] The sense circuits LAO through LA3 are latch 
type sense circuits for detecting whether or not the pre- 
charge voltage is lowered and detects whether or not 
the voltages of the sense nodes senO through sen3 are 
lowered. The sense amplifier section 8 has transistors 
TR0 through TR3 for connecting the bit lines to the 
sense amplifier. In addition, the sense amplifier section 
8 has transistor SE0 through SE3 for selecting the sense 
nodes senO through sen3, transistors NI0 through NI3 
for initializing the sense circuits LAO through LA3 and 
sense circuit enable transistors PCO through PC3. 
[0103] This embodiment has a reference cell (RMC) 
2 and a reference cell sense amplifier section 5. The 
reference cell 2 is an ACT cell similar to the cells that 
constitutes the memory cell array 1, and the operation 
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is similar to that of the aforementioned ACT cell. 
[0104] In this reference cell 2, the threshold voltage 
of the reference cell for read is set to a value (3 V in this 
case) between the upper limit value of the threshold volt- 
age distribution of the program cell and the lower limit 
value of the threshold voltage distribution of the erase 
cell. The threshold voltage is set to 2 V in the reference 
cell 2 for write verify use, while the threshold voltage is 
set to 4 V in the reference cell 2 for erase verify use. 
[0105] The reference sense amplifier section 5 in- 
cludes a sense circuit RLA and a logic circuit that gen- 
erates a signal for controlling a smrd signal and a cut 
signal from the sense result similarly to that of the main 
sense amplifier section 8. The sense circuit RLA is con- 
structed of two inverters 1 and 2. This logic circuit is con- 
structed of transistors RDN and RTR, a delay circuit (de- 
lay), an AND circuit AN0 and an AND circuit AN1 . More- 
over, a precharge circuit 3 is connected between this 
sense amplifier section 5 and the reference cell 2. This 
precharge circuit 3 has precharge transistors RPR0 and 
RPR1. Further, there are provided pull-down transistors 
RPD0 and RPD1. The AND circuits AN0 and AN1, tran- 
sistors RTR and RPC, and nodes smrd and cut consti- 
tute an example of a timing control means for controlling 
the termination timing of the sense operation of the 
sense amplifier section 8. 

[0106] Next, the read operation of the nonvolatile 
semiconductor storage device of the above embodi- 
ment will be described herein with reference to the tim- 
ing chart shown in Fig. 7. The operation when the cell 
MC00 is sensed as a cell to be read is described. The 
present embodiment has a virtual ground type memory 
array structure. Therefore, when the memory cell MC00 
is sensed, the bit line BL0 operates as a selected bit 
(drain side), and the bit line BL1 operates as a source 
line. 

[0107] The condition of the voltage applied to the 
memory cell MC00 for read is similar to that described 
in connection with the MC01 used as an example in the 
previously described Fig. 6A, and the main operation will 
be described below. First of all, the threshold voltage of 
the reference cell (RMC) 2 is set to 3 V in advance. This 
threshold value (3V) is set approximately at the middle 
of the lower limit (4 V) of the threshold voltage distribu- 
tion in the state 0 and the upper limit (2 V) of the thresh- 
old voltage distribution in the state 1 of the memory cell 
MC00 as shown in Fig. 4. By this operation, the read 
margin can be widened most with respect to the afore- 
mentioned lower limit (4 V) and the upper limit (2 V). 
Therefore, even if the threshold voltage distribution is 
spread by the received influence (disturb) of the state of 
the adjoining memory cell due to the fact that adjoining 
memory cells are sharing the bit line in the virtual ground 
type memory cell array structure, a margin for the 
threshold voltage distribution can be secured. This fact 
becomes effective particularly in a construction in which 
the reference cell as described later is provided for each 
bit line. 
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[0108] Although the state 1 is defined as the erase 
state and the state 0 is defined as the write state accord- 
ing to the above description, this is a matter of mere in- 
itial setting, and the reverse is also acceptable. 
[0109] In the initial state before the time t1 shown in 5 
Fig. 7, both initialization signals init and rinit have High 
level. Therefore, the transistors NIO through NI3 for ini- 
tialization in the sense amplifier section 8 and the tran- 
sistor RNI of the sense amplifier section 5 are in the ON 
state. 

[0110] The sense circuits i.e. sense amplifiers LAO 
through LA3 are connected to the bit lines BL0 through 
BL3 of the main memory array 1 via the transistors TR0 
through TR3 for connection use. The sense circuit i.e. 
sense amplifier RLA is connected to the bit line of the 
reference cell 2 via the transistor RTR for connection 
use. 

[01 1 1] On the other hand, a control signal ren has Low 
level in the initial state. Therefore, a node cut comes to 
have Low level, and the enable transistors PC0 through 
PC3 that are p-MOS transistors in the sense circuits LAO 
through LA3 and an enable transistor RPC of the sense 
circuit RLA are put in the ON state. Therefore, the output 
stage of an inverter 2 that constitutes part of the latch 
circuit of the sense amplifier sections 5 and 8 is in a high 
impedance state. Therefore, the nodes senO through 
sen3 and rsen are fixed to High level in the initialized 
state. 

[0112] It is to be noted that the node smrd comes to 
have Low level since the control signal rd has Low level 
at this point of time, and therefore the transistors (RTR 
and TR0 through TR3) for connection use are in the OFF 
state, with the result that the bit lines RBL0 and BL0 
through BL3 are electrically separated from the sense 
amplifiers RLA and LAO through LA3. 
[01 1 3] Next, when the sense for read is started at the 
time t1 to t2 of Fig. 7, a read voltage (3 V, for example) 
is first applied to the word line WL0 connected to the 
control gate of the selected cell MC00 to be subjected 
to read and the word line RWL connected to the control 
gate of the reference cell 2. It is to be noted that a voltage 
of 0 V is applied to the non-selected word line (WL1 in 
Fig. 5). 

[0114] The initialization signals init and rinit of the 
sense amplifier are made to have Low level, and the 
transistors NIO through NI3 and RNI for initialization use 
are put in the OFF state. By this operation, with regard 
to the latch circuits LAO through LA3 and RLA of the 
sense amplifier sections 8 and 5, the output nodes senO 
through sen3 and rsen are shifted from a fixed state to 
an enable state while maintaining High level. 
[0115] A transistor RDN for shaping the waveform of 
a signal ref of the node ref and inverting the level is pro- 
vided on the reference cell side, and therefore, a signal 
dis and a signal disa obtained by delaying this signal dis 
through a delay circuit delay are both maintaining High 
level. 

[0116] Next, the precharge of the bit line is executed 
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at the stage of time t2 to t3. 

[0117] The precharge control signal pre comes to 
have High level, and the bit line precharge transistors 
PRO through PR3, RPR0 and RPR1 are turned on. Con- 
sequently, all the bit lines BL0, BL1, ... of the memory 
cell array 1 and the bit lines RBL0 and RBL1 for the ref- 
erence cell (RMC) 2 are precharged with a precharge 
voltage Vpre (about 1.5 V). 

[0118] When the precharge of all the bit lines of the 
memory cell array 1 and the bit lines of the reference 
cell is terminated, the precharge control signal pre is first 
set back to Low level at the stage of time t3 to the ter- 
mination of sense. By this operation, the transistors PRO 
through PR3, RPR0 and RPR1 for bit line precharge use 
are set back to the OFF state, and the precharge poten- 
tial is maintained. 

[0119] Subsequently, the transistors TR0 through 
TR3 and RTR for connection use are turned on by mak- 
ing the control signal rd have High level and making the 
node smrd have High level. By this operation, the nodes 
senO through sen3 of the sense amplifier section 8 are 
connected to the bit lines of the memory cell array 1 , 
and the node rsen of the sense amplifier section 5 is 
connected to the bit line of the reference cell 2. 
[0120] Further, by making the control signal ren have 
High level, the node cut is made to have High level and 
the p-MOS transistors PC0 through PC3 and RPC for 
sense circuit enable use are turned off. By this opera- 
tion, the output stage of the inverter 2 constituting part 
of the latch circuits LAO through LA3 and RLA of the 
sense amplifier sections 8 and 5 becomes a normal out- 
put stage from the high impedance state. Consequently, 
the latch circuits LAO through LA3 and RLA are made 
operable or able to sense depending on the voltage con- 
ditions of the nodes senO through sen3 and rsen. 
[0121 ] At this point of time, the aforementioned nodes 
senO through sen3 and rsen are still maintaining the in- 
itialized state of High level. 

[0122] Further, in order to set to 0 V the bit lines BL1 
and RBL1 corresponding to the source side of the mem- 
ory cell MC00 to be subjected to read and the reference 
cell RMC among the bit line pull-down transistors PD0 
through PD3, RPD0 and RPD1, which have been put in 
the OFF state, control signals pdnl and rpdnl are made 
to have High level to turn on the bit line pull-down tran- 
sistors PD1 and RPD1. 

[01 23] By this operation, the precharge voltage of the 
bit lines BL1 and RBL1 is lowered and fixed to 0 V. By 
this operation, the memory cell MOO and the reference 
cell (RMC) 2 start to be sensed. 
[0124] Since the cell current flows on the reference 
cell 2 side, the voltage precharged in the bit line RBL0 
reduces as time elapses. When the voltage level of the 
node rsen that is making a transition similarly to the bit 
line BL1 becomes lower than the threshold voltage of 
the input stage of the inverter 2 that constitutes part of 
the latch circuit RLA inside the sense amplifier section 
5 for reference ceil use, the latch circuit RLA is inverted 



EP1 164 597 A2 



15 



20 



25 



30 



35 



40 



45 



50 



10 



19 

(one-dot chain line portion of the bit line RBLO of Fig. 7). 
[0125] By this operation, the node ref is inverted to 
High level, and this High-level signal is inverted by the 
waveform shaping transistor RDN, and therefore, the 
signal dis changes from High level to Low level. Then, 5 
this signal dis becomes a delayed signal disa through 
the delay circuit delay. As a result, the signal disa is de- 
layed for a specified time with respect to the signal dis 
and changed from High level to Low level. Due to the 
change of the signal disa to Low level, the nodes smrd 
and cut are changed to Low level regardless of the sig- 
nal levels of the control signals rd and ren. 
[0126] The delay circuit (delay), the AND circuits ANO 
and AN1 and the nodes smrd and cut constitute a timing 
control means. 

[0127] With this arrangement, the transistors TRO 
through TR3 and RTR for connection use are changed 
into the OFF state, and therefore, the bit lines BLO 
through BL3 and RBLO are electrically disconnected 
from the sense amplifier sections 8 and 5 on both sides 
of the memory cell array 1 and the reference cell 2. 
[0128] The enable transistors PCO through PC3 and 
RPC are concurrently changed into the ON state, and 
the output stage of the inverter 2 constituting part of the 
latch circuits RLA and LAO through LA3 of the sense 
amplifier sections 5 and 8 is put into the high impedance 
state. Therefore, the state of the memory cell MC00 to 
be subjected to read is latched and fixed in the latch 
circuit LAO. 

[01 29] At this point of time, when the selected memory 
cell MC00 to be subjected to read is in the state 1 (write 
state), the threshold voltage of the memory cell MC00 
is not higher than 2 V. Consequently, a cell current flows 
via the memory cell MC00. Therefore, since the voltage 
precharged in the bit line BLO has been sufficiently low- 
ered to 0 V (discharged), the latch circuit LAO is surely 
inverted, and the node senO has Low level. 
[0130] When the selected memory cell MC00 to be 
subjected to read is in the state 0 (erase state), the 
threshold voltage of the memory cell MC00 is not lower 
than 4 V. Consequently, no cell current flows via the 
memory cell MC00, and the voltage precharged in the 
bit line BLO is maintained. Therefore, the latch circuit 
LAO is not inverted, and the node senO maintains High 
level. 

[0131] Then, the control signals rpdnO, rpdnl , rd, ren 
and pdnl are set back to Low level to terminate the read 
of the memory cell MC00. 

[0132] Although not shown, read of other memory 
cells are successively executed by the same method, 
and the memory cells MC01 and MC02 whose control 
gates are connected to an identical word line WL0 are 
subjected to read. Thereafter, control signals Y0 through 
Y3 from the Y-decoder 10 are made to have High level. 
By this operation, the previously latched data are out- 
putted from the nodes DO through D3 via transistors SE0 
through SE3. The above has described the read oper- 
ation. 
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[01 33] Next, in the verify operation, it is proper to pre- 
paratorily set the threshold voltage of the reference cell 
(RMC) 2 to 2 V for the write verify operation. For the 
erase verify operation, it is proper to preparatorily set 
the threshold voltage of the reference cell 2 to 4 V. Those 
operations are basically the same as the operations de- 
scribed above, and therefore, no description is provided 
therefor. 

[0134] The circuit of the embodiment shown in Fig. 5 
has one reference cell (RMC) 2. Therefore, the refer- 
ence cell 2 is to be preparatorily set to a specified thresh- 
old voltage corresponding to each operation before 
starting each of the operations of the write operation, 
the erase operation and the read operation. This thresh- 
old voltage setting is executed by repetitively applying 
a write pulse or an erase pulse and executing verify for 
the reference cell 2. 

[0135] According to this system, the reference cell 2 
is required to be preparatorily reset to the specified 
threshold voltage before starting the write operation, the 
erase operation and the read operation, and therefore, 
the processing speed becomes slow. 

(Second Embodiment) 

[0136] Fig. 8 shows the second embodiment, which 
is improved with regard to the aforementioned points. 
This second embodiment differs from the first embodi- 
ment shown in Fig. 5 only in the following point. 
[0137] (1) A reference cell section 82 is provided in 
place of the reference cell 2. This reference cell section 
82 has a reference cell RMC1 for read use, a reference 
cell RMC2 for write verify use and a reference cell RMC3 
for erase verify use. The reference cells RMC1 , RMC2 
and RMC3 are preparatorily set to the respective spec- 
ified threshold voltages for read use, write verify use and 
erase verify use. 

[0138] According to this second embodiment, during 
read, the word line RWL1 is set to 3V so as to drive the 
reference cell RMC1 for read use. On the other hand, 
other word lines RWL2 and RWL3 are set to 0 V so as 
not to drive the reference cell RMC2 for write verify use 
and the reference cell RMC3 for erase verify use. 
[0139] In the verify operation during write, the word 
line RWL2 is set to 2 V so as to drive the reference cell 
RMC2 for write verify use. On the other hand, other word 
lines RWL1 and RWL3 are set to 0 V so as not to drive 
the reference cell RMC1 for read use and the reference 
cell RMC3 for erase verify use. 

[0140] In the verify operation during erase, the word 
line RWL3 is set to 4 V so as to drive the reference cell 
RMC3 for erase verify use. On the other hand, other 
word lines RWL1 and RWL2 are set to 0 V so as not to 
drive the reference cell RMC2 for write verify use and 
the reference cell RMC1 for read use. 
[0141] The operations and voltage applying condi- 
tions of other circuit blocks are the same as those of the 
embodiment of Fig. 5. 
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[0142] As described above, according to this second 
embodiment, there is no need for preparatorily resetting 
the reference cells RMC1, RMC2 and RMC3 to the 
specified threshold voltage before starting the write op- 
eration, the erase operation and the read operation, and 5 
therefore, the processing speed becomes fast. 

(Third Embodiment) 

[0143] Next, Fig. 9 shows the third embodiment. 
[0144] This third embodiment differs from the first em- 
bodiment of Fig. 5 in that a reference cell section 92 is 
provided in place of the reference cell 2. 
[01 45] This reference cell section 92 is constructed of 
reference cells RMCO and RMC1 . The control gate of 
this reference cell RMCO is connected to a word line 
WLO, while the control gate of the reference cell RMC1 
is connected to the word line WL1 . As described above, 
in the present third embodiment, the reference cells 
RMCO and RMC1 are connected to the word lines WLO 
and WL1 of the memory cell array 1 . 
[0146] In this third embodiment, the voltages applied 
from the X-decoder circuit 6 to the word lines WLO and 
WL1 are applied to the reference cells RMCO and RMC1 
and the selected memory cells MC00 through MC02 and 
MC10 through MC12. That is, an identical voltage is ap- 
plied to the selected memory cell to be subjected to read 
and the reference cell. This removes the variations in 
the cell current due to the variations in the voltage ap- 
plied to the word line, further increasing the read accu- 
racy. 

(Fourth Embodiment) 

[0147] Next, Fig. 10 shows the fourth embodiment. 
This fourth embodiment has a triple well structure. A 
memory cell array region 72 and a reference cell region 
73 are formed on a p-substrate 71. There are further 
shown an n + layer 74 that forms a drain and an n- layer 
79 that forms a source. 

[0148] According to the structure of this fourth embod- 
iment, the memory cell array region 72 and the refer- 
ence cell region 73 are separated by an n - layer 75. 
[0149] In this fourth embodiment, the memory cell ar- 
ray region 72 and the reference cell region 73 are elec- 
trically separated from each other by applying a higher 
voltage to the n* layer 75 than that of the p-well 77 and 
the p-substrate 71. 

[0150] The regions 72 and 73, which are enclosed 
and separated from each other by this n _ -layer 75, cor- 
respond to, for example, the portions enclosed by the 
broken lines as the memory cell array region 1 and the 
reference cell region 2 in the first embodiment of Fig. 5, 
the second embodiment of Fig. 8 and the third embod- 
iment of Fig. 9. 

[01 51] In this fourth embodiment, the memory cell ar- 
ray region 72 and the reference cell region 73 are elec- 
trically separated from each other. Therefore, stable 



high-accuracy read can be achieved without mutual dis- 
turb in operation. 

[0152] Although schematically shown in the afore- 
mentioned Fig. 9, according to the construction of the 
third embodiment in which the reference cell is arranged 
for each word line, with regard to the layout in which the 
reference cell section 92, the memory cell array 1 and 
the X-decoder 6 are provided by IC (Integrated Circuit), 
the reference cell section 92 is arranged in a position 
located farthest apart from the X-decoder 6. 
[01 53] With the above arrangement, when increased 
in density and minuteness, the reference cell is delayed 
most at the rise time of the word line (i.e., when the mem- 
ory cell is selected) due to waveform bluntness and the 
like ascribed to the wiring resistance and stray capaci- 
tance of the word line. For the above reasons, the vari- 
ations in the memory cell characteristics of the memory 
cell array region can be absorbed. 
[0154] It is to be noted that the present invention is 
limited to neither the number nor the locations of ar- 
rangement of the reference cells within a range not de- 
viating from the essence thereof, and it is a matter of 
course that various modifications can be provided. 
[0155] For example, in the reference cell structure of 
the third embodiment of Fig. 9, one reference cell is pro- 
vided for each bit line, and the threshold voltage of the 
memory cell is preparatorily set to the specified value 
before the write, erase and read operations. However, 
there may be a structure where three reference cells 
(reference cell for write verify use, the reference cell for 
erase verify use and the reference cell for read use) 
which are preparatorily set the threshold voltages to the 
specified voltages are provided for each bit line. 
[01 56] For example, the control gates of the reference 
cell for write verify use, the reference cell for erase verify 
use and the reference cell for read use are connected 
to the word line WLO. Then, by changing the method of 
applying the precharge voltage to each reference cell 
for the removal of sneak currents between the reference 
cells, the aforementioned structure can be provided. 
[0157] In the first, second and third embodiments of 
Figs. 5, 8 and 9, the signal disa is produced by delaying 
the signal dis via the delay circuit delay. It is proper to 
set this delay time to a time during which the character- 
istic variations of the reference cells and the memory 
cells of the memory cell array or the characteristic vari- 
ations between the memory cells inside the memory cell 
array are absorbed. For example, it is proper to set the 
delay time to a time during which the variations in the 
word line application voltage, the variations of the word 
line selection signal depending on the word line resist- 
ance and the stray capacitance attributed to the layout 
positions thereof or the like and further the variations in 
the memory cell read current, as described above, are 
absorbed. By this setting of the delay time, the read ac- 
curacy can be improved by absorbing the characteristic 
variations and removing the superfluous margin of the 
sense operation. 
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[0158] This delay circuit (delay) can easily be con- 
structed by connecting, for example, inverter circuits in 
a multiplicity of stages in series or constructed of a ca- 
pacitance, a resistance and so on. It is also acceptable 
to make the number of stages of the series connection 
of the inverter circuits switchable, for example, by pro- 
viding a means for switching the number of stages by 
an external signal or by changing the number of stages 
through the disconnection of wiring by means of laser 
or the like, and to allow the delay time to be set taking 
the characteristic variations of the aforementioned 
memory cells into consideration after integrating them 
into an IC. By thus optimizing the delay time, it is enabled 
to improve the read accuracy, remove the superfluous 
(excessive) read margin and increase the speed of read. 
[0159] The aforementioned embodiments have been 
described on the basis of the memory array of the virtual 
ground type taken as one example. However, the 
present invention is not limited to this and is allowed to 
be applied to a flash memory of the NOR type, the NAND 
type or the AND type. The aforementioned embodi- 
ments have been described on the basis of the ACT 
memory cell taken as one example. However, the 
present invention is not limited to this and is allowed to 
be applied to other nonvolatile memory cells. 
[0160] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 



Claims 

1 . A nonvolatile semiconductor storage device includ- 
ing a plurality of word lines (WLO, WL1) and a plu- 
rality of bit lines (BLO, BE1 ,...); a memory cell array 
(1) where nonvolatile memory cells (MC00, 
MC01, ...) each having a control gate connected to 
one of the plurality of word lines (WLO, WL1 ) and a 
drain connected to one of the plurality of bit lines 
(BLO, BL1,...) are arranged in an array form; a 
sense amplifier section (8) for amplifying data read 
on the bit line; a precharge circuit (7) for precharging 
the bit line with a specified voltage; and a reference 
cell (RMC, RMCO, RMC1, RMC2, ...) whose thresh- 
old value is preparatorily set to a specified value, 

the nonvolatile semiconductor storage device 
executing data read or verify of rewrite data by 
precharging the bit line with the specified volt- 
age by means of the precharge circuit (7), ap- 
plying a specified read voltage or specified ver- 
ify voltage to a selected word line and determin- 
ing by means of the sense amplifier section (8) 
whether or not the bit line is discharged by the 



selected nonvolatile memory cell, and 

the nonvolatile semiconductor storage device 

comprising: 

5 a bit line (RBLO) connected to the refer- 

ence cell (RMC, RMCO, RMC1, RMC2, ...); 
a sense circuit (RLA) connected to the bit 
line (RBLO) of the reference cell (RMC, 
RMCO, RMC1, RMC2,...) for detecting a 

io timing in which discharge of the bit line 

(RBLO) of the reference cell (RMC, RMCO 
RMC1, RMC2, ...) is completed; and 
a timing control means (ANO, AN1, RTR, 
RPC, smrd, cut) for starting sensing the ref- 

15 erence cell (RMC, RMCO, RMC1, 

RMC2, ...) concurrently with starting sens- 
ing the selected nonvolatile memory cell, 
causing the sense circuit (RIA) to detect a 
timing in which discharge of the bit line of 

20 the reference cell is completed and control- 

ling sense operation termination timing of 
the sense amplifier section (8) connected 
to the memory cell array (1 ) on the basis of 
the detected timing of completion. 

25 

2. A nonvolatile semiconductor storage device as 
claimed in claim 1 , wherein 

the threshold value of the reference cell (RMC, 
30 RMCO, RMC1 , RMC2, ...) is the specified value 

between a lower limit of a threshold voltage dis- 
tribution in a state in which each nonvolatile 
memory cell (MC00, MC01, ...) has a high 
threshold value and an upper limit of a thresh- 
es old voltage distribution in a state in which each 
nonvolatile memory cell (MC00, MC01, ...) has 
a low threshold value, and 
the data read is executed by applying the spec- 
ified read voltage to the selected word line. 

40 

3. A nonvolatile semiconductor storage device as 
claimed in claim 1 , wherein 

the threshold value of the reference cell (RMC, 
45 RMCO, RMC1 , RMC2, ...) is a write verify volt- 

age or an erase verify voltage of the nonvolatile 
memory cell (MC00, MC01, ...), and 
the verify of the rewrite data is executed by ap- 
plying the verify voltage to the selected word 
50 line. 

4. A nonvolatile semiconductor storage device as 
claimed in claim 1, wherein 

55 the nonvolatile memory cells (MC0O, MC01 , ...) 

assume at least two states with respect to 
threshold voltage distribution thereof, and 
the threshold voltage of the reference cell 
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(RMC, RMCO, RMC1, RMC2, ...) is set approx- 
imately at the middle of a lower limit of a thresh- 
old voltage distribution in a state in which the 
threshold voltages of the nonvolatile memory 
cells (MCOO, MC01, ...) are high and an upper 5 
limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvola- 
tile memory ceils (MCOO, MC01, ...) are low. 

5. A nonvolatile semiconductor storage device as to 
claimed in claim 1 , wherein 

the nonvolatile memory cells (MCOO, MC01, ...) 
assume at least two states with respect to 
threshold voltage distribution thereof, and t5 
the threshold voltage of the reference cell 
(RMC, RMCO, RMC1 , RMC2, ...) is set at upper 
limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvola- 
tile memory cells (MCOO, MC01, ...) are low. 20 

6. A nonvolatile semiconductor storage device as 
claimed in claim 1 , wherein 

the nonvolatile memory cells (MCOO, MC01, ...) 25 
assume at least two states with respect to 
threshold voltage distribution thereof, and 
the threshold voltage of the reference cell 
(RMC, RMCO, RMC1 , RMC2, ...) is set at a low- 
er limit of a threshold voltage distribution in a 30 
state in which the threshold voltages of the non- 
volatile memory cells (MCOO, MC01,...) are 
high. 

7. A nonvolatile semiconductor storage device as 35 
claimed in claim 1, wherein 

the reference cell (RMC, RMCO, RMC1, 
RMC2, ...) is formed in a region that is electrically 
separated from the nonvolatile memory cells 
(MCOO, MC01, ...). 40 

8. A nonvolatile semiconductor storage device as 
claimed in claim 1 , wherein 

a sense circuit (LAO, LA1 , ...) is provided in cor- 45 
respondence with each of the bit lines (BLO, 
BL1 , ...) of the nonvolatile memory cells (MCOO, 
MC01, ...) and constructed so as to collectively 
read or verify the plurality of nonvolatile mem- 
ory cells (MCOO, MC01, ...) of which control 50 
gates are commonly connected to the same 
word line (WLO, WL1), and 
the reference cell (RMCO, RMC1) is provided 
in correspondence with each of the word lines 
(WLO, WL1). 55 

9. A nonvolatile semiconductor storage device as 
claimed in claim 8, wherein 
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the reference cell (RMC, RMCO, RMC1, 
RMC2, ...) is arranged farther apart from a decoder 
(6, 1 0) for controlling the word line (WLO, WL1 ) than 
the nonvolatile memory cells (MCOO, MC01, ...). 

10. A nonvolatile semiconductor storage device as 
claimed in claim 8, wherein 

the reference cell (RMC, RMCO, RMC1, 
RMC2, ...) is formed in a region that is electrically 
separated from the nonvolatile memory cells 
(MCOO, MC01, ...). 

11. A nonvolatile semiconductor storage device as 
claimed in claim 8, wherein 

the nonvolatile memory cells (MCOO, MC01 , ...) 
assume at least two states with respect to 
threshold voltage distribution thereof, and 
the threshold voltage of the reference cell 
(RMC, RMCO, RMC1 , RMC2, ...) is set approx- 
imately at the middle of a lower limit of a thresh- 
old voltage distribution in a state in which the 
threshold voltages of the nonvolatile memory 
cells (MCOO, MC01, ...) are high and an upper 
limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvola- 
tile memory cells (MCOO, MC01, ...) are low. 

12. A nonvolatile semiconductor storage device as 
claimed in claim 8, wherein 

the nonvolatile memory cells (MCOO, MC01 , ...) 
assume at least two states with respect to 
threshold voltage distribution thereof, and 
the threshold voltage of the reference cell 
(RMC, RMCO, RMC1 , RMC2, ...) is set at upper 
limit of a threshold voltage distribution in a state 
in which the threshold voltages of the nonvola- 
tile memory cells (MCOO, MC01, ...) are low. 

13. A nonvolatile semiconductor storage device as 
claimed in claim 8, wherein 

the nonvolatile memory cells (MCOO, MC01, ...) 
assume at least two states with respect to 
threshold voltage distribution thereof, and 
the threshold voltage of the reference cell 
(RMC, RMCO, RMC1 , RMC2, ...) is set at a low- 
er limit of a threshold voltage distribution in a 
state in which the threshold voltages of the non- 
volatile memory cells (MCOO, MC01,...) are 
high. 

14. A nonvolatile semiconductor storage device as 
claimed in claim 1, comprising: 

a delay means (delay) for delaying a signal 
detected by the sense circuit (RLA) connected to 
the reference cell (RMC, RMCO, RMC1, RMC2, ...) 
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before using the detected signal as a sense termi- 
nate signal of the nonvolatile memory cells (MCOO, 
MC01,...) that constitute the memory ceil array (1). 

15. A nonvolatile semiconductor storage device having 5 
an array of memory cells, each including a control 
gate connected to one of a plurality of word lines 
and a drain connected to one of a plurality of bit 
lines, and each being capable of having data read 
therefrom, or of having data which has been rewrit- 10 
ten therein verified, by the sensing of discharge of 
the precharged corresponding bit line in response 

to the application of a predetermined read or verify 
voltage to the corresponding word line, the device 
further including a reference cell having a predeter- 15 
mined threshold value and connected to an associ- 
ated bit line, and timing control means for concur- 
rently starting sensing of a selected nonvolatile 
memory cell and of the reference cell, and for con- 
trolling the timing of termination of the sensing of 20 
the selected nonvolatile memory cell on the basis 
of a detected timing of completion of discharge of 
said associated bit line of the reference cell. 

16. A nonvolatile semiconductor storage device, 25 
wherein bit line discharge sensing, started concur- 
rently with discharge sensing of a reference cell, is 
terminated with a timing determined according to 

the timing of completion of discharge of the refer- 
ence cell bit line, thereby to provide temperature- 30 
compensated sensing timing. 
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